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(57)Abstract: 

PURPOSE: To eliminate a hot rolling stage and to obtain a steel 
sheet excellent in strength, toughness or the like from a 
continuously cast slab by subjecting a cast steel having specified 
content of C, Si, Mn, P, etc., to primary working under specified 
conditions and thereafter executing primary cooling, reheating, 
secondary cooling or the like. 

CONSTITUTION: A molten steel contg., by weight, 0.01 to t i - a e 3 - sooox c cvi* > 

0.2% C, <3% Si, 0.5 to 3% Mn 5 <0.1% P, 0.003 to 0.05% S and 
0.01 to 0.1% Al is continuously cast. This cast steel is non- 
worked in an austenitic area of the Ae3 transformation point or 
above, or is subjected to primary working at <80% total rolling 
reduction. Next, the steel is cooled from the Ae3 transformation 
point at >5°C/s average cooling rate, and its temp, is regulated to 
less than the higher one between the temp. 1 shown by a formula 
or 600°C to form a transgranular ferritic structure. Then the steel 

is again heated to the Ae3 transformation point or above into an austenitic single phase structure 
and is again subjected to secondary cooling. Then, a thin strip steel sheet having small anisotropy 
and constituted of a fine polygonal ferritic structure can be obtd. 
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SPECIFICATIONS 

1 . Title of the Invention 

Method of Continuously Casting Thin Steel Sheet 

2. Claims 

l. A method of continuously casting thin steel strip in which molten steel having the 
composition 
C: 0.01 wt% to 0.2 wt% 
Si: Not more than 3.0 wt% 
Mn: 0.5 wt% to 3.0 \vt% 
P: Not more than 0J£av*%^^ 
S: 0.003 wt% to 0.05 wt% J 
Al: 0.01 wt%to0n^wt?T" 
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with the balance consisting of iron and the inevitable impurities is cast by continuous 
casting whereupon the steel being in the austenite region at or above the Ae 3 transfor- 
mation point the steel is either not worked or alternatively is subjected to primary 
working to a reduction of not more than 80%, whereupon such steel is subjected to 
primary cooling at a mean rate of cooling of not less than 5° C/second from the Ae 3 
transformation point to either 600° C or alternatively that temperature Tl which 
satisfies the requirements of formula (1), whichever temperature is the higher, where- 
by an intragranular ferrite structure is formed, and when such transformation has been 
fully completed, such steel is again heated to not less than the Ae 3 transformation 
point whereby a single phase austenite structure is formed, whereupon such steel is 
again subjected to secondary cooling, and thus provides a thin steel sheet with a 
polygonal ferrite microstructure and with very low anisotropy. 

Tl = Ae 3 - 2000 x C (1) 

2. A method of manufacturing thin steel sheet as described in paragraph 1 of these 
Claims, wherein such steel possesses a normal composition containing one or a 
plurality selected from not more than 1 .0% of Nb, Ti, V, Ni, Cr, Mo, and B. 

3. Detailed Description of the Invention 

Area of application within industry 

The present invention relates to a method for the manufacture of steel sheet, and more 
particularly to a method of manufacture of steel sheet in which the continuously cast ingot 
directly after casting, either without undergoing the hot rolling stage at all or alternatively 
undergoing limited hot rolling, possesses excellent mechanical properties such as the balance 
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between strength and ductility and so forth which are required of conventional hot rolled 
steel sheet. 
Prior art 

The significant developments which have occurred over recent years in continuous casting 
machines have made it possible to produce thinner cast ingot, whereby the omission or 
curtailment of the conventional hot rolling process has been advanced. Moreover, such 
reduction in thickness is of interest for its ability to reduce the costs incurred in the hot 
rolling process. 

However, in such processes which manufacture sheet from cast ingot which is close to the 
final thickness of such sheet the absence of the high degree of reduction associated with the 
hot rolling process means that, generally, the ferrite microstructure becomes large and coarse 
and such steel sheet suffers the deficiency that the mechanical properties thereof are unsatis- 
factory. Thus the rate of reduction in the conventional hot rolling process is said to be not 
less than 80%. (Yoshio Hashimoto: Tetsu-to Hagune, 72 (1986), p. 2263) 
The reason for the coarsening of the structure which was referred to in the foregoing is that 
when the transformation from an austenite structure to a ferrite structure occurs, the austenite 
has a coarse grain structure and the area of the grain boundaries is small, and there are few 
defects such as deformation zones, such that there are few ferrite nucleation sites. 
In recent years, efforts to overcome this problem have been concentrated on the use of oxides 
and so forth as ferrite transformation nuclei from within the austenite grains, by employing 
the ferrite within the austenite grains to vigorously drive such transformation, in the case of 
steel plate in particular. (See for example Japanese Patent No. 213322 of 1986 [61-213322].) 
However, this method is difficult to employ because of the melt conditions and component 
control which are required in order to control the microstructure in such a manner that the 
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oxides and precipitates and so forth are uniformly dispersed, while it is difficult to achieve a 
uniform microstructure because of the competition between the ferrite side plates that are 
formed from the austenite grain boundaries and the bainite and so forth during transforma- 
tion. Moreover, the intragranular ferrite structures readily form highly acicular 
Widmansttaten ferrite microstructure, and while this is very effective in imparting toughness, 
it is not very effective in imparting such mechanical properties as ductility and fatigue 
strength. Moreover, the greatest problem associated with this technique is that the aforemen- 
tioned structure is encouraged to grow in an uneven manner when the austenite is rolled, and 
localized occurrences of such phenomena are highly detrimental to such important character- 
istics as ductility. 

However, in-line reheating treatment has been proposed by for example Japanese Patent 
No.99630 of 1986 (61-99630) and Japanese Patent No. 62822 of 1988 (63-62822) and so 
forth as a further approach to the problem of the coarsening of the grain structure in thin cast 
ingot. However, these methods assume cold rolled steels for press forming and with excel- 
lent deep drawing characteristics and are under consideration as processes to replace hot 
rolling in order to obtain stock for cold rolling. 

For these reasons, attention has ben concentrated on whether the reverse transformation from 
ferrite to austenite through in-line reheating would be effective in the randomization of the 
characteristic (100) cluster structures in the as-cast structure, but no reference is made at all 
to the mechanical properties of the steel sheet at the equivalent of the completion of the hot 
rolling process. 

Problems addressed by the present invention 

It is an object of the present invention to establish a method for the manufacture directly 
from continuously cast ingot, and either without the hot rolling process being employed or 
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alternatively with the hot rolling process being curtailed, of steel sheet which possesses 
excellent mechanical properties and which possesses the balance between strength and 
ductility and so forth which is possessed by conventional hot rolled steel sheet. 
Means employed in order to overcome such problems 

The metallurgical microstructural characteristics that are observed in common in all hot 
rolled steel sheet, which possesses excellent mechanical properties such as balance between 
strength and ductility and fatigue strength and so forth, are that such steels possess very fine 
and uniform microstructures, and that the individual crystal grains are polygonal. Thus, in 
the simplified process which uses thin cast ingot as the starting point, the desired mechanical 
properties may be achieved by ensuring that the final microstructure which is derived from 
the transformation of the austenite microstructure is predominantly of fine-grained polygonal 
ferrite. 

As a result of careful research and in the light of the foregoing, the inventors of the present 
invention have reached the conclusion that it is not possible to generate a completely po- 
lygonal ferrite structure only through the transformation of the ferrite structures at the boun- 
daries only as has ben studied under the prior art. 

Moreover, in the process by which the reverse transformation is imposed, the effect of 
increasing the fineness of the grain size produced by the repeated heat treatment is strongly 
affected by the previous microstructure, and more particularly, it has been confirmed that, 
even when a previous microstructure,. which is a coarse ferrite structure such as is obtained 
by normal solidification, is transformed into austenite by a single reverse transformation, and 
then undergoes transformation to ferrite through a repeated cooling, there is relatively little 
change in the diameter of the grains. 
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The latter phenomenon has been confirmed by Japanese Patent No. I 15654 of 1988 (63- 
1 15654), and the inventors of that invention require the repeated heat treatment to be per- 
formed not less than twice. 

However, in order to overcome such various deficiencies, thejnventors of the present inven- 
5 tion have discovered through various experiments a process which provides a fine-grained 
polygonal ferrite microstructure through the application of only one reverse transformation. 
The basic reason for this is that through the thermal history that is illustrated in Figure 1, 
when the reverse transformation from ferrite to austenite occurs, the initial ferrite structure 
becomes an intragranular ferrite structure within the microstructure. 
10 In other words, the inventors of the present invention control the components and the primary 
cooling conditions at the initial ferrite transformation, whereby the coarse austenite structure 
which forms after solidification, is rendered into a fine microstructure through the 
1 intragranular ferrite within the microstructure, whereupon the reverse transformation is 

imposed, whereby such features are found wherever the fine-grained austenite structure is 
15 formed, and as a result, the final secondary cooling as envisaged by the present invention 
provides a fine-grained ferrite microstructure, and such structure is irregular and polygonal. 
This mechanism is not yet understood in detail, but it is believed that the intragranular 
ferrite structures within the microstructure hold a very large number of austenite nucleation 
sites when the austenite transformation occurs, and the orientations of the intragranular 
20 ferrite within the microstructure are all different from each other, and hence, when the 
reverse transformation occurs, each of the austenite grains which form from nuclei at the 
ferrite grain boundaries also possess varying orientations, and thus the fine-grained micro- 
structure is maintained even at the completion of the formation of the austenite. 
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Moreover, the imposition of the reverse transformation, as envisaged by the present inven- 
tion, is able to overcome the problem of the structural irregularity associated with the 
intragranular ferrite within the microstructure, and hence the conditions in the prior art, 
which are intended to reduce such irregularity and which apply to the composition of the 
steel and to the reduction, and which restrict the manufacturing process, may be moderated. 
Thus the present invention relates to a method of continuously casting thin steel strip in 
which molten steel having the composition C: 0.01 wt% to 0.2 wt%, St: Not more than 3.0 
wt%, Mn: 0.5 wt% to 3.0 wt%, P: Not more than 0.10 \vt%, S: 0.003 \vt% to 0.05 wt%, Al: 
0.01wt% to 0.1 wt%, with the balance consisting of iron and the inevitable impurities is cast 
by continuous casting whereupon the steel being in the austenite region at or above the Ae 3 
transformation point the steel is either not worked or alternatively is subjected to primary 
working to a reduction of not more than 80%, whereupon such steel is subjected to primary 
cooling at a mean rate of cooling of not less than 5° C/second from the Ae 3 transformation 
point to either 600° C or alternatively that temperature Tl which satisfies the requirements 
of formula (1), whichever temperature is the higher, whereby an intragranular ferrite struc- 
ture is formed, and when such transformation has been fully completed, such steel is again 
heated to not less than the Ae 3 transformation point whereby a single phase austenite struc- 
ture is formed, whereupon such steel is again subjected to secondary cooling, and thus 
provides a thin steel sheet with a polygonal ferrite microstructure and with very low aniso- 
tropy, and which possesses excellent balance between strength and ductility, toughness, and 
fatigue strength. 

Tl = Ae^ - 2000 * C (>w%) (1) 
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Steels which possess a normal composition containing one or a plurality selected from not 
more than 1 .0% of Nb, Ti, V, Ni, Cr, Mo, and B may also be employed. 

First, the reasons for the restrictions upon the chemical compositions as envisaged by the 
present invention are explained. 

C is the most important element in the determination of the form of the microstructure when 
the transformation from austenite to ferrite occurs, and the lower limit for C in the method 
envisaged by. the present invention is 0.01%, in order to obtain a stable Widmansttaten ferrite 
structure as the initial transformation microstructure. Moreover the upper limit for C is made 
0.2% in order to prevent any degradation of the welding characteristics of the steel. 
Si is added in order to improve the strength of the steel without adversely affecting the 
strength-ductility balance thereof, while Si also acts to raise the transformation point and to 
promote the precipitation of ferrite. However, the addition of excessive amounts of Si would 
cause adverse effects to the ductility and surface appearance of the steel, and hence an upper 
limit of 3% of Si is imposed. 

Mn is an element which is added in order to impart great strength to steel, similarly to C, and 
is also an indispensable element in the formation of the intragranular ferrite structure within 
the microstructure. Thus the Mn forms MnS with the S, which will be discussed subsequent- 
ly, and is preferentially precipitated upon the oxides which are formed by the oxide-forming 
elements in the steel such as Al, Si and Mn, and forms effective nuclei for the precipitation 
of ferrite and promotes the ferrite transformation within the grain microstructure. For these 
reasons, the lower limit for the amount of Mn to be added is set at 0.5% at which level such 
effects become apparent, and the upper limit is set at 3.0% in order to hold down the costs of 
control of the structure in the manufacture of the steel and also in order to prevent any 
degradation of the workability of the steel. 
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P is an element which is added in order to strengthen the steel, but if excessive amounts of P 
are added, the ductility and welding characteristics of the steel are affected adversely, and 
hence an upper limit of 0.10% of P is set 

S, similarly to Mn, plays an important role in the method envisaged by the present invention 
in that it forms MnS. However, if excessive amounts of S are added, hot cracking of the steel 
occurs, and hence an upper limit of 0.05% of S is set, while a lower limit of 0.003% of S is 
set having regard to the problems of the increasing costs of desulphurizing the steel and so 
forth. 

Al is necessary for the deoxygenation of the steel, and a lower limit of 0.01% of Al is set for 
the- present invention. However, the addition of excessive amounts of Al would cause the 
cost of the steel to increase and such excess would remain as inclusions in the steel which 
would cause cracking and other problems, and hence the upper limit for Al is set at 0.1%. 
Nb, Ti, V, Ni, Cr, Mo and B are added to steel for the purpose of strengthening the steel. Ti 
and V in particular are highly effective in promoting the ferrite transformation within the 
grains of the microstructure. For these reasons, the present invention envisages the addition 
to the steel of not more than 1.0% of one or a plurality selected from these elements. 
The following is a description of the method of manufacture envisaged by the present inven- 
tion. 

In the method of manufacture envisaged by the present invention, steel having the compo- 
sition described in the foregoing is continuously cast whereupon primary working to a total 
reduction of not more than 80% is applied to the steel in an as-cast state or alternatively at a 
temperature of not less than the Ae 3 transformation point, whereupon the initial ferrite 
transformation takes place. The upper limit to the amount of working at this stage is applied 
because any greater amount of working would be no different from the conventional hot 
Translation by Asia Technical Translation Pty Ltd 1 1 



rolling process, because the metallurgical structure achieved would be no different from that 
achieved with the conventional hot rolling process, and because equipment and manufactur- 
ing costs would be no different from those incurred through the employment of the conven- 
tional hot rolling process. However, any light reduction performed for the purpose of im- 
proving the surface condition of the cast ingot must fall within such limit to the amount of 
reduction. 

Next, the primary cooling conditions, which are of the greatest importance to the method of 
manufacture of the present invention are described. The steel must be cooled to the higher of 
600° C at a mean cooling rate of not less than 5° C/second from the Ae 3 transformation 
point, or alternatively to a temperature Tl which satisfies formula (1), which is the tempera- 
ture at which the ferrite transformation is initiated under the normal hot rolling process, 
which is to say the temperature at which is formed a grain boundary ferrite structure from the 
austenite grain boundaries and the transformation zone, and when an intragranular ferrite 
microstructure is formed in the final transformation as envisaged by the present invention, 
such ferrite that is formed from the grain boundaries may possess a coarser structure and may 
be irregular. 

Moreover, the temperature at which intragranular ferrite is normally formed is close to Tl, 
and that the rapid cooling employed heretofore has the effect of amplifying the driving force 
of the ferrite transformation. However, when such temperature exceeds 600° C, a bainite 
structure is formed, and hence direct cooling from the austenite region at up to 600° C is 
desirable. 

Thus, after the steel has been cooled to the temperature limits envisaged by the present 
invention, the steel is held for several minutes in the vicinity of such temperature, or is 
further cooled to a lower temperature, whereby the intragranular ferrite transformation may 
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readily be completed. While no particular restriction is applied, when working of the steel is 
performed in the austenite region, intragranular ferrite. is more readily formed than when the 
steel is in the unworked state, and hence a faster rate of cooling than that described here is 
desirable. 

Next, the steel is again reheated from this state to form austenite, but at this point, the 
transformation to the initial intragranular ferrite structure must be complete. This is because, 
if any austenite structure remains when the transformation to austenite commences, the 
formation of new austenite nuclei is rendered more difficult. 

For similar reasons, when performing the transformation to austenite, reheating should 
preferably not be performed until the intragranular ferrite structures have been completely 
extinguished. While no particular restrictions apply, in order to achieve the finest possible 
microstructure when the austenite transformation has been completed, the rate of increase in 
the temperature should preferably be high, and the final temperature and the retention time at 
the conclusion of reheating should be as low and as short as possible. 

The fine-grained austenite structure which is obtained by this process is fundamentally no 
different from the structure which is obtained as a result of repeated recrystallization in the 
conventional rolling process. Thus the surface area of the austenite grain boundaries at this 
time is virtually no different from that observed in steels manufactured by the conventional 
process. Thus, by means of the present invention, if after the completion of such transforma- 
tion to austenite rolling is performed as a repeated form of secondary working, 
recrystallization produces a finer grain structure and dislocation and deformation zones are 
introduced, the ferrite transformation sites in the succeeding secondary cooling may be 
increased. 
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Moreover, the conditions for such secondary cooling are not materially different from those 
of the conventional hot rolling process. Thus, by the selection of cooling conditions and 
coiling conditions which are appropriate to the circumstances, and provided that the condi- 
tions for the composition of the steel as envisaged by the present invention are observed, a 
5 fine-grained polygonal ferrite structure may be obtained, and fenrite structures and mixed 
structures consisting of bainite, martensite and pearlite and so forth, may be obtained in the 
same manner as with the conventional process, and hence steels which meet various require- 
ments for mechanical properties may be manufactured. 
Practical embodiments 
10 Practical Embodiments 1 

Steel consisting of 0.10 wt% C, 0.50 wt% Si, 1.42 wt% Mn, 0.008 \vt% P, 0.011 wt% S, 
0.034 wt% Al, and with the balance iron and inevitable impurities is formed in a converter, 
1 and is continuously cast to form thin cast ingots of from 3 mm to 50 mm. The Ae 3 transfor- 

mation point which is calculated from such components is 839° C, and the temperature Tl 
15 that is calculated from formula (1) is 639° C. 

Next, such thin cast ingots rolled, cooled and reheated according to the conditions set out in 
Table 1 and through the thermal history illustrated in Figure 1, and the thin cast ingots are 
formed into sheet having a thickness of 3 mm. In the thermal history of the steel, the primary 
working temperature of the steel is 1000° C, the rate of temperature increase in order to 
20 achieve the austenite transformation is 5° C/second, no secondary working is performed, the 
secondary cooling conditions are cooling from 900° C to 600° C at a rate of 7° C/second, 
and the sheet is coiled at a temperature of 600° C. Moreover the steel is held at the initial 
cooling stop temperature Tc, and at the reheating end temperature Th, for 2 minutes for each. 
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Table I 



INO. 


Rate of reduction 
(%) 


UK 

cos) 


Tc ( C) 


Th( C) 


Remarks 


1 


0 


10 


600 


1000 


Present invention 


2 


20 


2 


550 


.950 


Comparative example 


3 


70 


5 


350 


700 


Comparative example 


4 


15 


5 


400 


900 


Present invention 


5 


30 


10 


700 


1000 


Comparative example 


6 


60 


. 15 


550 


1025 


Present invention 


7 


90 


10 


550 


1000 


Comparative example 


8 


0 


7 


600 


800 


Comparative example 



Values underlined are outside the range envisaged by the present invention. 
Ae 3 = 839° C (Ae 3 calculated by means of THRMO-CALC Ver. F) 
T1 = 639°C 

The steel sheets are pickled and are then subjected to the following mechanical tests. 1) 
Samples are prepared according to J1S Z 2201.5 and each sample is subjected to tensile 
testing according to the method of JIS 2241, and the yield strength, tensile strength, and total 
elongation of the samples are measured. 2) Samples are prepared according to JIS Z 2202.4 
(2.5 mm) and each sample is subjected to Charpy impact testing according to the method of 
JIS 2242, and the surface transition temperatures of the samples are measured. 3) Samples 
are prepared according to JTS Z 2275.1 and each sample is subjected to fatigue testing 
according to that method, and the fatigue strengths of the samples are measured. 4) Samples 
are prepared by punching holes having initial diameters of 10 mm in order to evaluate the 
stretch flanging characteristics of the samples, and the hole expansion ratio, which is the 
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value calculated by dividing the average hole diameter at the point when a crack penetrates 
the width of the sheet by the initial hole diameter, is calculated. 

Table 2 lists the results of examinations by optical microscope of the jnicrostructures of the 
samples, and the results of the mechanical tests. 
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Specimen Numbers 1, 4 and 6 which were prepared by the method envisaged by the present 
invention possess structures of fine-grained regular polygonal ferrite and hence possess high 
strength-ductility balances of not less than 1800, toughness of not more than -50° C for vTrs, 
fatigue characteristics of fatigue limits of not less than 0.5, and hole extension characteristics 
of hole extension ratios of not less than 2.0, which are the maximum levels for these charac- 
teristics for steel sheet which may be obtained by manufacture by the conventional hot 
rolling process. 

On the other hand, the rate of cooling at the primary cooling for Specimen No. 2 was low and 
hence a regular intragranular ferrite structure could not be obtained, and such deficiency 
could not be overcome by subsequent reheating and secondary cooling, such that the 
strength-ductility balance and hole extension characteristics of the steel were degraded. 
Moreover, the rate of reduction for Specimen No. 7 exceeded 80% and hence the microstruc- 
ture obtained at primary cooling was principally of grain boundary ferrite rather than of 
intragranular ferrite, and it is believed that, as a result of the growth in the austenite ratio 
from the incomplete initial structure, the austenite also became coarse-grained, such that a 
fine-grained final microstructure could not be obtained. For this reason, the toughness and 
fatigue characteristics in particular of the steel were degraded. 

Moreover, the conditions for the upper and lower temperature limits at primary cooling and 
reheating were not observed in the case of Specimens Nos. 3, 5, and 8, and hence the ferrite 
transformations in each case were not completed, a single austenite phase was not achieved, 
and the microstructures of these specimens were not regular. In the case of Specimen No. 5 
in particular, the effects of reheating were in no way reflected in the structure of the steel, 
and the characteristic values for this steel match those for an intragranular ferrite structure. 
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Thus such steei possessed excellent strength and toughness, but poor elongation and hole 
extension characteristics. 
Practical Embodiment 2 

Steels having the chemical compositions listed in Table 3 were prepared in a converter and 
continuously cast to form 6 mm thin steel strip, whereupon such steels were subjected to 
primary working in the austenite region at 1000° C and were subjected to 50% reduction to 
form 3 mm cast ingots. Next, the specimens were subjected to primary cooling during which 
they were cooled from 950° C to 500° C at a rate of 5° C/second; the steels were held for 3 
minutes at 500° C and were then reheated to 1000° C at a rate of 10° C/second, and then 
were immediately subjected to secondary cooling during which they were cooled to 600° C 
at a rate of 20° C/second, and the specimens were then coiled at that temperature. Subse- 
quently the specimens were subjected to the same observations of structure and mechanical 
tests as were employed for Practical Embodiments 1. 
The results are set out in Table 4. 
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Specimen Nos. 1. 3, 5, 6, and 7. possessed compositions according to the conditions of the. 
present invention, and possessed fine-grained regular polygonal ferrite microstructures, and 
hence exhibited high strength-ductility balances of not less than 1600, toughness of not more 
than -50° C for vTrs, fatigue characteristics such as fatigue limits of not less than 0.5, and 
hole extension characteristics such as hole extension ratios of not less than 2.0. which are the 
maximum levels for these characteristics for steel sheet which may be obtained by manufac- 
ture by the conventional hot rolling process. 

On the other hand, the compositions of Specimens Nos. 2 and 8 contained levels of Mn and S 
which were outside the conditions of the present invention, and hence the precipitation of 
MnS and so forth which form the nuclei for the intragranular ferrite transformation prior to 
the primary cooling was inadequate, and hence the initial microstructure prior to reverse 
transformation was irregular, and such irregularity was sustained through into the final 
microstructure. For these reasons, the elongation and hole extension characteristics of these 
Specimens were degraded. 

Specimen No.4 contained less C than the level envisaged by the present invention, and hence 
the initial microstructure obtained was not fully intragranular ferrite, and as a result, the final . 
microstructure was coarse-grained and the fatigue limit of the specimen was degraded. 
Effects of the invention 

By means of the present invention, the steel ingot may be employed in an as-cast condition 
after continuous casting or may be subjected to light rolling, whereby the conventional hot 
rolling process may be omitted or reduced, and a regular fine-grained polygonal femte 
microstructure similar to that obtained with the conventional hot rolling process may be 
obtained, such that thin steel sheet which possesses excellent mechanical properties such as 
strength-ductility balance, toughness, fatigue characteristics, hole extension characteristics 
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and so forth, and which are comparable with those mechanical characteristics obtainable by 
means of the conventional hot rolling process, may be obtained. 

Moreover, steel types equivalent to the conventional types of steel may be manufactured by 
new processes at the steel production and rolling stages, and hence considerable increases in 
productivity and reductions in costs may be achieved. 

Moreover, steel sheet manufactured according to the present invention never exhibits the 
banded irregular microstructures which are commonly formed in conventional hot rolled 
materials, and the present invention forms completely isotropic structures and hence such 
steel sheet forms an excellent material for applications such as bending and press forming in 
which anisotropy would be a problem. 

Moreover, the present invention is intended principally to provide steel sheet having gauges 
comparable with those of hot rolled steel sheet, but the scope of the application of the 
invention may be extended to processes for the manufacture of plate of 30 mm gauge from 
thin cast ingots of 50 mm in thickness, through the application of the same fundamental 
metallurgical phenomena as are envisaged by the present invention. 

4. Simplified Description of the Diagram 

Figure 1 is a figure which represents the thermal history after casting as envisaged by the 
present invention. 

Agent: Tateo Sanoki, Patent Attorney 
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Figure 1 



A: Temperature; B: Time after casting; C: Casting; D: Primary working; E: Primary cooling; 
F: Reheating process; G: Secondary working; H: Secondary cooling; I: Coiling; Ae 3 : Ferrite 
transformation initiation temperature; Tc: Primary cooling stop temperature; Th: Heating 
stop temperature; Def: Total reduction in primary working; CR: Primary cooling rate 
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